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OBJECf IVE — This study aims to investigate the association between chronic idiopathic ax- 
onal polyneuropathy (CLAP) and the metabolic syndrome or its individual components. 

RESEARCH DESIGN AND METHODS— A total of 249 patients with CIAP and 709 
controls underwent fasting laboratory studies, and blood pressure and waist circumference were 
measured. The metabolic syndrome was diagnosed if three or more of the following Adult 
Treatment Panel III criteria were present: impaired fasting glucose, hypertension, abdominal 
obesity, reduced HDL cholesterol, and hypertriglyceridemia. Subgroup analysis was performed 
for patients with a painful predominantly sensory CIAP, because this phenotype is most similar to 
diabetic polyneuropathy. Statistical analysis was performed with adjustment for age and gender. 

RESULTS — Fifty-five percent of all patients fulfilled the metabolic syndrome criteria compared 
with 34% of controls (odds ratio 2.2 [95% CI 1.7-3.0]). Multivariate analysis shows hyperten- 
sion (2.9 [1.7-4.9]) and abdominal obesity (3.3 [2.4-4.6]) to be significantly more prevalent in 
patients than in controls. Of the patients classified as having a painful predominantly sensory 
CIAP, 62% fulfilled the metabolic syndrome criteria (3.1 [2.0-4.8]). In this subgroup, hyper- 
tension and abdominal obesity also were significantly more prevalent compared with controls. 

CONCLUSIONS — Abdominal obesity and hypertension seem to be the most consistent con- 
tributing components of the metabolic syndrome in patients with CIAP. Evaluation and appro- 
priate treatment of these risk factors in patients with CIAP would be advocated. 



Polyneuropathy has an estimated 
prevalence of 75-125 per 100,000 
people (1,2). Despite extensive eval- 
uation, no cause can be established in 
5-30% of patients with chronic polyneurop- 
athy (1,3-5). Most of these patients pres- 
ent in the sixth decade of life with a 
predominantly sensory or sensorimotor 
axonal polyneuropathy, a so-called chronic 
idiopathic axonal polyneuropathy (CIAP) 
(4). CIAP progresses very slowly, >10 
years after disease onset, the extent of dis- 
ability is not severe, and there is no loss of 
ambulation (6). 

Diabetes mellitus is a common estab- 
lished cause of chronic axonal polyneurop- 
athy, but whether prediabetes (impaired 



Diabetes Care 36:8L7-822, 20L3 

fasting glucose [IFG] or impaired glucose 
tolerance) is an etiological factor remains a 
matter of debate (7-9). Sural nerve biopsy 
studies showed similarly increased basal 
lamina thickness of endoneurial vessels in 
patients with CIAP or patients with diabetic 
neuropathy when compared with controls, 
suggesting a similar pathophysiological 
mechanism (10). The observed endoneu- 
rial vessel changes may result in axonal in- 
jury from chronic ischemia and could be 
etiologically associated with conditions 
that predispose to microvascular disease, 
such as (pre)diabetes and cardiovascular 
risk factors. 

Various cardiovascular risk factors and 
their association with polyneuropathy 



have been investigated. Only a limited 
number of studies considered chronic 
idiopathic polyneuropathy, but diagnostic 
criteria are quite variable or insufficiently 
descriptive. Consequently, the associations 
(or lack thereof) in these studies cannot 
be readily extrapolated to CIAP. The 
metabolic syndrome is composed of in- 
terrelated cardiovascular risk factors, i.e., 
hypertension, IFG, hypertriglyceridemia, 
reduced HDL cholesterol, and abdominal 
obesity (11). This study aimed to investi- 
gate the association between the metabolic 
syndrome or its individual components 
and CIAP. 

RESEARCH DESIGN AND 
METHODS 

Patients 

The current study is part of an ongoing 
study of the etiology of CIAP initiated in 
2008 at the University Medical Center 
Utrecht and was approved by the Medical 
Ethics Committee. Patients were referred 
to the University Medical Center Utrecht 
neuromuscular outpatient clinic by their 
general practitioner or by a neurologist 
in a general hospital. All patients (n = 249) 
in whom CIAP was diagnosed after eval- 
uation in the University Medical Center 
Utrecht between October 1 , 2008 and De- 
cember 1, 2011, were included in this 
study. 

Patient evaluation 

Patients were evaluated for their poly- 
neuropathy in a standardized fashion by 
an experienced neuromuscular specialist. 
The clinical evaluation consisted of thor- 
ough history-taking (including questioning 
about disease course, neurologic symp- 
toms, signs of autonomic dysfunction, 
comorbidity, intoxications, and medica- 
tion use), anthropometric measurements, 
and neurologic examination. The onset of 
polyneuropathy should have occurred 
after the age of 45. A detailed kinship 
history was taken and appropriate genetic 
testing was performed when necessary. If 
the possibility of a hereditary polyneurop- 
athy could not be ruled out, then patients 
were excluded. 
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The severity of the polyneuropathy 
was graded by calculation and summation 
of sensory and motor sum scores (6,12). 
The sensory sum score ranges from 0 to 
28, and considers the anatomical distri- 
bution of sensory deficits bilaterally in 
the lower limbs regarding pinprick and 
light touch sensation (scored as: normal = 
4; up to ankle abnormal = 3; up to distal 
half lower leg abnormal = 2; up to knee 
abnormal = 1; above knee abnormal = 0), 
vibration sense (evaluated with a gradu- 
ated Rydel-Seiffer 64-Hz tuning fork and 
scored as: normal = 4; decreased/absent at 
big toe = 3; decreased/absent at ankle = 2; 
decreased/absent at knee = 1; decreased/ 
absent at crista iliaca = 0), and proprio- 
cepsis of distal interphalangeal joint of the 
big toe (scored as: normal/immediate per- 
ception of movement = 2; reduced/delayed 
perception of movement = 1 ; absent per- 
ception of movement = 0) (13-15). For the 
motor sum score, manual muscle strength 
testing was scored according to the Medical 
Research Council scale in four distal lower 
limb muscles (tibialis anterior, gastrocne- 
mius, peroneal, toe extensors), resulting 
in a score from 0 to 40 for both lower limbs 
(12,15). Those patients with CIAP who had 
painful sensory symptoms and signs but no 
significant weakness (i.e., no weakness or 
only mild weakness of the toe extensors) 
were classified as having a "painful pre- 
dominantly sensory CIAP," because this 
phenotype is most similar to diabetic poly- 
neuropathy. 

Waist circumference was measured in 
standing position in a horizontal plane 
midway between the inferior margin of 
the rib and the superior border of the iliac 
crest. Blood pressure was measured sit- 
ting in the upright position using an 
Omron Intellisense 907 Professional Au- 
tomatic Blood Pressure Monitor. 

Ancillary investigations 

Extensive laboratory investigations were 
performed in all patients. Laboratory 
studies included complete blood count, 
erythrocyte sedimentation rate, glucose, 
HbA lc , insulin, renal function, liver en- 
zymes, creatine kinase, C-reactive protein, 
vitamin Bl, vitamin B6, folic acid, vitamin 
B12, homocystein, cholesterol, triglycer- 
ides, HDL cholesterol, LDL cholesterol, 
thyroid-stimulating hormone, serum and 
urine M-protein, and serological screening 
for celiac disease (total IgA level and IgA 
antibodies against tissue transglutaminase 
and endomysium). An oral glucose toler- 
ance test (OGTT) was performed in a se- 
lected group of patients with a fasting 



glucose &5.6 mmol/L. If indicated, then 
additional studies (e.g. , a lumbar puncture, 
chest radiograph, magnetic resonance im- 
aging of the spine, or additional laboratory 
studies such as immunoserology, genetic 
testing) were performed. Standardized 
nerve conduction studies were performed 
for all patients (6,16). 

Diagnostic criteria of CIAP 

The diagnosis of CIAP was defined ac- 
cording to the following criteria (4,6): 
presence of symmetrical distal sensory 
or sensorimotor symptoms such as 
numbness, pins and needles, tightness, 
coldness, unsteadiness, muscle cramps, 
and weakness with onset in the lower 
limbs, compatible with polyneuropathy; 
presence of symmetrical distal sensory or 
sensorimotor signs with evidence of large 
nerve fiber involvement such as decreased 
sense of touch, vibration, and proprio- 
cepsis, usually in the presence of de- 
creased pin prick/temperature sense, 
decreased/absent tendon reflexes, or 
slight muscle weakness on neurologic ex- 
amination, compatible with polyneurop- 
athy; an insidious onset and slow or no 
progression of the polyneuropathy over 
the course of at least 6 months; no iden- 
tifiable cause for the polyneuropathy after 
thorough history-taking, clinical exami- 
nation, and extensive laboratory testing; 
no suggestion of a hereditary polyneurop- 
athy based on detailed kinship history 
(i.e., one or more affected family mem- 
ber), neurologic examination, or confir- 
mation by genetic analysis; and nerve 
conduction studies excluding a demyelin- 
ating polyneuropathy and confirming 
large nerve fiber involvement if the find- 
ings on neurologic examination were 
equivocal considering the patient's age 
(16-19). Electrophysiological criteria for 
demyelination provided that distal com- 
pound motor action potential (CMAP) 
baseline to negative peak amplitude >1 
mV were: reduction of motor nerve con- 
duction velocity to <80% of lower limit 
of normal value (LLN) if distal CMAP 
>80% of LLN, or to <70% of LLN if 
CMAP was <80% of LLN; prolongation 
of distal motor latency to > 125% of up- 
per limit of normal value (ULN) if CMAP 
>80% of LLN, or to >150% of ULN if 
CMAP <80% of LLN; prolongation of 
F-waves to >120% of ULN if CMAP 
>80% of LLN, or to >150% of ULN if 
CMAP <80% of LLN; conduction block 
>50% area reduction or, in upper limb 
nerves, >30% amplitude reduction in prox- 
imal CMAP relative to distal; and abnormal 



temporal dispersion in upper limb nerves 
>30% duration increase or in lower limb 
nerves >100% duration increase in proxi- 
mal CMAP relative to distal (20). 

Controls 

We used participants in previously con- 
ducted population-based studies at the 
Julius Center for Health Sciences and 
Primary Care, University Medical Center 
Utrecht, as controls for the current study. 
Female controls were sampled from the 
PROSPECT cohort, a Dutch cohort par- 
ticipating in the European Prospective 
Investigation into Cancer and Nutrition 
(21). In short, a total of 17,395 healthy 
women presenting for breast cancer 
screening, aged 49-70 years and living 
in Utrecht and the surrounding area, 
were prospectively enrolled in PROSPECT 
between 1993 and 1997. In 1999-2000, a 
subgroup of women (n = 533 from a total 
of 1,803) who had experienced natural 
menopause, had an intact uterus and at 
least one intact ovary, and had not used 
sex steroids after the reported date of last 
menstruation agreed to participate in a 
new study. Women were considered suf- 
ficiently healthy if they were able to visit 
the study center without assistance (n = 
402); in these women, fasting laboratory 
studies were performed, blood pressure 
and waist circumference were measured, 
and medication use was recorded. After 
exclusion of all female controls with 
(newly) diagnosed type 1 or type 2 diabe- 
tes or incomplete data (n = 27), 375 fe- 
male controls were included in our study. 

As male controls, subjects from the 
HAMLET study were used (22). Briefly, in 
the HAMLET study, 400 independently 
living men aged 40-80 years were 
prospectively enrolled between 2001 
and 2002 to investigate the relationship 
between endogenous testosterone, 
sex hormone-binding globulin, dehy- 
droepiandrosterone sulfate, estradiol, and 
the metabolic syndrome. The subjects 
were recruited by asking female partici- 
pants of other studies by letter whether 
they knew a possible interested male vol- 
unteer aged 40-80 years; 240 men vol- 
unteered to participate. In addition, a 
randomly selected male population aged 
40-80 years was drawn from the munic- 
ipal register of Utrecht and 1,230 invita- 
tion letters were sent. From this group, 
390 men volunteered to participate. 
From the 630 volunteers, those who did 
not live independently and subjects who 
were not physically or mentally able to 
visit the study center independently 
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(n = 16) were excluded. Of the remaining 
614 men, eventually 400 men were ran- 
domly selected to participate. All male 
controls had undergone fasting labora- 
tory studies, had blood pressure and 
waist circumference measured, and med- 
ication use was recorded. After exclusion 
of all male controls with (newly) diag- 
nosed type 1 or type 2 diabetes, or incom- 
plete data (n = 66), 334 male controls 
were included in our study. 

Diagnostic criteria of the metabolic 
syndrome 

The metabolic syndrome was diagnosed if 
three or more of the following Adult Treat- 
ment Panel III criteria were present: fasting 
glucose &5.6 mmol/L (>100 mg/dL); sys- 
tolic blood pressure S130 mmHg and/or 
diastolic blood pressure ^85 mmHg; waist 
circumference >102 cm (>40 in) in men 
or >88 cm (>35 in) in women; HDL cho- 
lesterol <1.03 mmol/L (<40 mg/dL) in 
men or <1.29 mmol/L (<59 mg/dL) in 
women; and triglycerides &1.7 mmol/L 
(150 mg/dL) (11). Additionally, patients 
or controls using antihypertensive medica- 
tion and/or lipid-lowering agents (fibrates, 
nicotinic acid, or statins) were considered 
to fulfill the criteria for hypertension, re- 
duced HDL cholesterol, and hypertrigly- 
ceridemia, respectively. 

Statistical analysis 

In the Netherlands, the prevalence of the 
metabolic syndrome in the nondiabetic 
general population aged 40 years and 
older is at least —25% (23,24). If the true 
prevalence of the metabolic syndrome in 



patients with CIAP is twice as high (i.e., 
50%), then a power analysis (power 1 - 
(3 = 0.85; associated type I error probabil- 
ity a = 0.05) to determine the sample size 
for a case-control study shows that 66 ca- 
ses and 66 controls are needed to be able 
to reject the null hypothesis that the prev- 
alence rates for cases and controls are 
equal (PS Program version 2.1.31). Statis- 
tical analyses were performed using SPSS 
version 15.0. The observed prevalence 
rates in patients and controls were used 
to calculate odds ratios (ORs) with 95% 
confidence intervals (CIs), and x 2 analysis 
(univariate) and binary logistic regression 
analysis (multivariate) were used to inves- 
tigate the association between CIAP and 
the metabolic syndrome or its individual 
components. The correlation between 
the severity of the polyneuropathy, based 
on the sum of the sensory and motor sum 
score, and the severity of the metabolic 
syndrome, based on the number of met- 
abolic syndrome criteria that were met, 
was evaluated with the Spearman corre- 
lation coefficient. A subgroup analysis 
was performed for patients classified as 
having painful predominantly sensory 
CIAP. All analyses were performed 
with adjustment for age, gender, and 
metabolic syndrome criteria if appropri- 
ate. Statistical significance was set at 
P < 0.05. 

RESULTS— Characteristics of the 249 
included patients (32% women) and 709 
controls (53% women) are outlined in Ta- 
ble 1. The mean duration of symptoms 
was 5.6 years (0.2-26.3 years). All 
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patients had sensory symptoms and/or 
signs, 48% of patients reported painful 
sensory symptoms, and 38% of patients 
were classified as having painful predom- 
inantly sensory CIAP. 

Table 2 details the prevalence of the 
metabolic syndrome and its individual 
components in patients and controls. Of 
the patients, 55% fulfilled the metabolic 
syndrome criteria compared with 34% of 
the controls (OR 2.2 [95% CI 1.7-3.0]). 
Except for impaired fasting glucose, all met- 
abolic syndrome criteria were significantly 
more prevalent in patients compared with 
controls when adjusted for age and gender. 
Multivariate analysis, with adjustment for 
age, gender, and metabolic syndrome crite- 
ria , shows hypertension (2 . 9 [ 1 . 7-4 . 9 ] ) and 
abdominal obesity (3.3 [2.4-4.6]) to be sig- 
nificantly more prevalent in patients than in 
controls. Adjustment for smoking did not 
affect the results. There was no correlation 
between the severity of the polyneuropathy 
and the severity of the metabolic syndrome 
(Spearman correlation coefficient —0.068; 
P=0.35). 

Of the patients classified as having a 
painful predominantly sensory CIAP, 
62% fulfilled the metabolic syndrome 
criteria (OR 3.1 [95% CI 2.0-4.8]). In 
this subgroup, hypertension and abdom- 
inal obesity also were significantly more 
prevalent compared with controls (Table 
3). Glucose levels in the 95 patients 
with painful predominantly sensory 
CIAP (median, 5.4; range, 4.0-6.8) were 
comparable with glucose levels in the re- 
maining 154 patients (median, 5.4; range, 
3.8-6.9), and impaired fasting glucose 



Table 1 — Characteristics of patients with CIAP and controls 



Patients Controls 





Men 


Women 


Men 


Women 


N 


170 


79 


334 


375 


Smoking 


Current, % 


8 


12 


25 


17 


Former, % 


66 


40 


51 


36 




Fasting glucose, mmol/L 


5.4 (3.8-6.9) 


5.3 (4.3-6.9) 


5.6 (3.9-6.9) 


4.9 (3.8-6.8) 


Systolic pressure, mmHg 


150 (106-214) 


150 (111-226) 


139 (98-220) 


145 (99-211) 


Diastolic pressure, mmHg 


85 (50-111) 


85 (30-121) 


81 (52-119) 


75 (40-119) 




40 


39 


24 


21 


Waist circumference, cm 


102 (76-130) 


95 (75-128) 


98 (74-133) 


80 (58-122) 


HDL cholesterol, mmol/L 


1.22 (0.57-3.70) 


1.55 (0.86-2.84) 


1.29 (0.44-3.16) 


1.50 (0.70-3.38) 


Triglycerides level, mmol/L 


1.40 (0.4-4.9) 


1.00 (0.4-5.7) 


1.20 (0.4-15.5) 


1.26 (0.5-4.9) 


Use of lipid-lowering agent, % 


19 






12 


Severity of polyneuropathy* 


60 (42-68) 


56 (48-68) 







Data are median (range). *Summation of the sensory sum score (0-28) and the motor sum score (0-40) in the lower limbs. 
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Metabolic syndrome and CIAP 

Table 2 — Prevalence of the metabolic syndrome and its components in patients with CIAP and controls 





Patients 


Controls 


OR (95% CD* 


P 


OR (95% CI)t 


P 


N 














Metabolic syndrome present 


1 Jo \JJ Io) 


ZtU K.J7 io ) 










Metabolic syndrome absent 


111 (AKO/\ 
lit KftJ to) 


^ruy (,00 Io) 






n 7 (c\ s i c\\ 




Hypertension or medication 


io 


770/ 
I 1 Io 


J.T \L.L— J.O) 




\J. 1 \\) . J — 1 .U ) 

i o n 7 4. Q"l 

z.y /— T.yj 


0 059 


Hypertension 


90% 


76% 


2.6 (1.7-4.2) 


<0.001 






Systolic hypertension 


88% 


74% 


2.5 (1.6-3.8) 


<0.001 






Diastolic hypertension 


53% 


31% 


2.2 (1.6-3.0) 


<0.001 






Abdominal obesity 


60% 


30% 


3.6 (2.7-4.9) 


<0.001 


3.3 (2.4-4.6) 


<0.001 


Reduced HDL cholesterol or medicati 


on 39% 


30^ 


1.6 (1.2-2.2) 


0.002 






Reduced HDL cholesterol 


26% 


22% 


1.5 (1.0-2.1) 


0.031 






Hypertriglyceridemia or medication 


43% 


32% 


1.5 (1.1-2.0) 


0.010 






Hypertriglyceridemia 


33% 


25% 


1.5 (1.1-2.0) 


0.024 







OR, odds ratio. *A11 data adjusted for age and gender, f All data adjusted for age, gender, and all variables of the metabolic syndrome. 



was not more prevalent in either patient 
group compared with controls. 

CONCLUSIONS— The current study 
shows that the metabolic syndrome is 
significantly more prevalent in patients 
with CIAP compared with controls from 
the general population, and that abdominal 
obesity and hypertension seem to be the 
most consistent contributing components. 

The prospective recruitment of pa- 
tients with CIAP and a control group 
derived from the general population in 
the Netherlands distinguishes our study 
from previous studies. Although controls 
were obtained from historical Dutch co- 
horts, we had access to individual data; 
this enabled appropriate direct compar- 
isons between patients and controls. To 
retain the use of data from a large control 
group, all analyses were performed 
with adjustment for gender and age. The 



prevalence of the metabolic syndrome in 
the Netherlands has not changed much in 
the past decade. A population-based 
study in 2006 found a prevalence of the 
metabolic syndrome of 29% in persons 
40-70 years old (23). In the most recent 
population-based study performed in 
2009-2010, the prevalence of the meta- 
bolic syndrome was 35% in persons 40- 
70 years old (25). These prevalence rates 
are comparable with the prevalence of 
34% for the metabolic syndrome in the 
controls (data collection in 1999-2002) 
used in our study. It is therefore unlikely 
that the observed association between the 
metabolic syndrome and CIAP can be 
largely explained by a change in preva- 
lence of the metabolic syndrome (i.e., in- 
creased in patients with CIAP) over time. 
Controls in general (although not neces- 
sarily) may constitute a healthier represen- 
tation of the population. However, except 



for being nondiabetic and sufficiently phys- 
ically and mentally healthy to visit the 
study center, no other possibly relevant ad- 
ditional health-related eligibility criteria 
were used for our control groups. Controls 
were not evaluated for polyneuropathy, 
but it is not to be expected that more 
than a few controls did have polyneurop- 
athy after exclusion of patients with diabe- 
tes and given the low estimated prevalence 
of polyneuropathy (1,2). Altogether, our 
findings were probably not influenced to 
an important degree by certain selective 
control characteristics. 

A previous case-control study ob- 
served a comparable association between 
hypertension and CIAP (26). Hyperten- 
sion remained a risk factor for chronic 
symmetric polyneuropathy after adjust- 
ment for a few common causes of poly- 
neuropathy in a population sample of 
Italian subjects aged 55 years or older and 



Table 3 — Prevalence of the metabolic syndrome and its components in patients with painful predominantly sensory CIAP and controls 





Patients 


Controls 


OR (95% CI)* 


P 


OR (95% CI)t 


P 


N 


95 


709 










Metabolic syndrome present 


59 (62%) 


240 (34%) 


3.1 (2.0-4.8) 


<0.001 






Metabolic syndrome absent 


36 (38%) 


469 (66%) 












36% 


33% 


0.8 (0.5-1.3) 


0.42 


0.6(0.4-1.0) 


0.056 


Hypertension or medication 


94% 


77% 


4.7 (2.0-11.2) 


<0.001 


3.8(1.6-9.2) 


0.003 


Hypertension 


92% 


76% 


3.7(1.7-7.9) 


<0.001 






Systolic hypertension 


88% 


74% 


2.6 (1.4-4.9) 


0.004 












3.2 (2.0-5.0) 


<0.001 






Abdominal obesity 


64% 


30% 


4.2 (2.6-6.6) 


<0.001 


3.7(2.3-6.0) 


<0.001 


Reduced HDL cholesterol or medication 


42% 


30% 


1.9 (1.2-3.0) 


0.005 


1.6(0.9-2.8) 


0.10 


Reduced HDL cholesterol 


27% 


22% 


1.6 (1.0-2.7) 


0.058 






Hypertnglyceridemia or medication 


44% 


32% 


1.6 (1.1-2.5) 


0.028 


1.1 (0.6-1.8) 


0.84 


Hypertriglyceridemia 


36% 


25% 


1.7 (1.1-2.7) 


0.027 







*AU data adjusted for age and gender, f All data adjusted for age, gender, and all variables of the metabolic syndrome. 
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screened for the presence of (sub)clinical 
signs of polyneuropathy (27). A cross- 
sectional study found a negative associa- 
tion between current blood pressure or 
history of hypertension and presence of 
(sub)clinical signs suggestive of polyneu- 
ropathy in subjects older than 65 years 
without a history of common diseases 
known to cause polyneuropathy, but 
this association was not observed when 
use of antihypertensive medication was 
taken into account (28). 

No studies have reported on the asso- 
ciation between abdominal obesity as mea- 
sured by waist circumference and CIAP. 
The use of waist circumference instead of 
BMI is relevant because abdominal obesity 
appears a more robust risk factor for 
cardiovascular disease and type 2 diabetes 
than BMI (29). Studies that used BMI as a 
measure of obesity vary considerably in 
mean BMI values and prevalence rates of 
obesity in the investigated study popula- 
tions. A controlled study did not find a 
higher prevalence of an abnormal BMI in 
patients with CIAP (26). Another cohort 
study showed no association between 
BMI and the presence of (sub)clinical poly- 
neuropathy in subjects without diseases 
commonly known to cause peripheral 
neuropathy when age and hypertension- 
related variables were taken into account 
(28). One small controlled study, how- 
ever, found that patients with painful 
CIAP had a higher mean BMI than healthy 
controls, but this was not observed for pa- 
tients without pain (30). 

The association between dyslipidemia 
and CIAP has not been studied extensively 
before. One case-control study reported 
hypercholesterolemia to be more prevalent 
among patients with CIAP (26). Another 
controlled study found no difference in 
fasting cholesterol levels in patients with 
CIAP, but increasing fasting triglycerides 
level was significantly associated with the 
likelihood of CIAP after adjusting for BMI, 
age, and gender (30). A recent, small, con- 
trolled study did not demonstrate a signif- 
icantly higher frequency of dyslipidemia or 
fasting cholesterol level, but fasting triglyc- 
erides level was borderline nonsignificantly 
lower in patients with idiopathic neurop- 
athy (31). The divergent observations 
could be explained by markedly higher 
fasting triglycerides levels in patients 
and lower levels in controls in the former 
study when compared with patients and 
controls in the latter study and our study 
(30,31). 

In the Netherlands, treatment of dys- 
lipidemia with fibrates or nicotinic acid is 



uncommon and only prescribed when 
statins are not tolerated or are insuffi- 
ciently effective. Because statins have an 
effect by lowering triglycerides and in- 
creasing HDL cholesterol, we chose to 
include statin treatment as a defining 
criterion in addition to the Adult Treat- 
ment Panel III metabolic syndrome crite- 
ria for dyslipidemia. The frequency of 
dyslipidemia thus could have been over- 
estimated; however, because this would 
equally concern patients and controls, 
we believe it did not skew our results. 
Furthermore, when only considering hy- 
pertriglyceridemia and reduced HDL 
cholesterol without taking the use of 
statins into account, data analyses 
showed similar results (data not shown). 

Previous North American studies have 
suggested an association between chronic 
polyneuropathy or, more specifically, idi- 
opathic painful sensory neuropathy/small 
fiber neuropathy and prediabetes (32-35). 
Our study did not find IFG to be more 
prevalent in patients with CIAP compared 
with controls. Even subgroup analysis of 
patients with painful predominantly sen- 
sory CIAP, a CIAP phenotype most similar 
to diabetic polyneuropathy, demonstrated 
no association with IFG. Meanwhile, the 
established associations of CIAP with hy- 
pertension and abdominal obesity appear 
even stronger in this subgroup. The ab- 
sence of an association with IFG is in ac- 
cordance with a small controlled study, 
which did, however, find an elevated 2-h 
glucose level as determined by an OGTT 
suggestive of impaired glucose tolerance 
in patients with painful CIAP, and a recently 
published prospective population-based 
study that showed a similar prevalence 
of polyneuropathy in subjects with nor- 
mal and impaired glycemia (8,30). Sub- 
jects in North American studies tend to 
have a higher BMI compared with those 
in European studies; given the intricate as- 
sociation between overweight/obesity and 
prediabetes, this may distort the association 
between prediabetes and CIAP. A routinely 
performed OGTT could have resulted in a 
higher percentage of patients and controls 
considered to have prediabetes in our 
study, but this would not have influenced 
our findings because impaired glucose tol- 
erance is not a metabolic syndrome crite- 
rion. A systematic review showed that the 
reproducibility of the OGTT in prediabetes 
is, on average, only 49% compared with 
73% in diabetes and 93% in normal glu- 
cose tolerance (36). Thus, an OGTT as ad- 
vocated by some investigators, and 
especially if only performed once, has 



limited usefulness and reliability to estab- 
lish prediabetes and its association with id- 
iopathic polyneuropathy. 

We found abdominal obesity and 
hypertension as risk factors for CIAP. 
Although our study was not designed to 
elucidate the precise pathofysiological 
mechanisms, the results support a micro- 
vascular hypothesis (10). For abdominal 
obesity (which probably plays a pivotal 
role among all metabolic syndrome fac- 
tors), the mechanism is mainly related 
to a proinflammatory state at the level of 
the microvasculature, including endo- 
neurial micro vessels and endothelial cells, 
that could lead to microvascular changes, 
chronic ischemia, and consequently 
axonal injury. For hypertension, the 
mechanisms could be characterized by 
structural and functional changes in the 
microvasculature (37-39). 

This study is the largest case-control 
study of the etiology of CIAP. It shows 
there is a convincing association between 
CIAP and the metabolic syndrome, which 
is determined mostly by metabolic syn- 
drome components hypertension and 
abdominal obesity. In contrast to most 
previous studies, no significant associa- 
tion was found with IFG. Considering 
these results, we advocate a proactive 
attitude to look for simultaneous occur- 
rence of these conditions in patients and 
initiate appropriate treatment that could, 
perhaps, not only prevent but also allevi- 
ate progression of the polyneuropathy. 
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